density and stunted development of warm-water planktivorous fishes), serious disruption of the previous community structure, and a rapid shift toward smaller-bodied zooplankton.
Rice and Pancholy
proposed that nitrification-the microbial oxidation of ammonium to nitrite and nitrate-progressively decreases in the course of ecological succession. They suggested that the mechanism causing the decrease is allelochemical inhibition of nitrification, and that the decrease is selectively advantageous to mature ecosystems because it conserves both nitrogen and energy.
Several lines of evidence have been used to support this hypothesis. , , , , and have reported that in several secondary seres soil nitrate concentration or numbers of nitrifying bacteria or both tended to decrease with succession, while soil ammonium concentration increased. Less compelling evidence has included increased concentrations of nitrifier toxins in later successional systems 
and successional changes in the mineral-nitrogen preference of plants (Franz and Haines 1977, Haines 1977).
We believe there are problems with both the evolutionary basis of this hypothesis and the evidence supporting it. In particular, we question the use of nitrate or ammonium pool size and numbers of nitrifiers to indicate relative rates of nitrification. Relying on these measures to indicate nitrification rate implicitly assumes that (a) nutrient pool size reflects the rate of nutrient utilization and (b) reported population sizes of nitrifying bacteria accurately reflect nitrifier activity. We believe that neither assumption is warranted. First, nutrient concentration alone cannot indicate the relative importance of a nutrient. For example, a site with a consistently low concentration of soil nitrate could have a high rate of nitrification if plant . 1977. Competition in cladoceran communities: the cost of evolving defenses against copepod predation. Ecology 58: 303-313. Kerfoot, W. C., and C. Peterson. 1979 These difficulties can be avoided by using nitrification potentials-the net rate of nitrate production in incubated soils. This approach was used by Coile (1940), Lamb (1979), and Montes and Christensen (1979), who measured nitrification potentials of soils from different stages of secondary successions. Although there are difficulties with the interpretations of these studies, none reported clear trends with succession.
Second, numbers of nitrifiers do not necessarily reflect activity. The most-probable-number (MPN) technique that is used to count nitrifiers counts only those adapted for rapid growth under the specific conditions of the incubation procedure (Belser and Schmidt 1978, Focht and Verstraete 1977). Further, the technique does not account for well-documented differential metabolic activities among counted cells (Arda
Our study was designed to investigate successional changes in nitrification potential in two well-defined seres and thus to test the hypothesis that nitrification progressively decreases through succession. The primary sere was at the Indiana Dunes on the southern edge of Lake Michigan. Plant succession in this area has been extensively studied by Cowles (1899, 1901) and . Included in this study were six sites along a north-south transect: sand, grass, grass plus shrub, pine, oak (1), and old-growth oak (2) stages of succession.
The secondary sere was at the Hutcheson Memorial Forest on the New Jersey Piedmont. This is an old-growth mixed-oak stand with adjoining 1 ha known-age abandoned fields maintained as an ecological preserve by Rutgers University. If this suggestion is correct, we would expect the pattern of nitrification in primary succession to be the reverse of that suggested by . Primary seres start with a nitrogen-poor substrate and gradually increase in totalnitrogen pool size (Stevens and Walker 1970). Consequently, rates of nitrogen mineralization and nitrification should progressively increase for many years. The results from the Indiana Dunes sere are in accordance with this suggestion (Figure 1) . It is not clear that any consistent pattern should be expected in secondary succession. Many recent ecological hypotheses have been framed in terms of the differences expected between "stable" and "fluctuating" or "predictable" and "unpredictable" environments. Such hypotheses appear in discussions of life histories, species diversity, niche breadths, community stability, and genetic polymorphisms. If we are to test them rigorously, we need measures of environmental variation, independent of the organisms under study, that are sensitive to differences among habitats and that permit significance tests. Colwell ( Many recent ecological hypotheses have been framed in terms of the differences expected between "stable" and "fluctuating" or "predictable" and "unpredictable" environments. Such hypotheses appear in discussions of life histories, species diversity, niche breadths, community stability, and genetic polymorphisms. If we are to test them rigorously, we need measures of environmental variation, independent of the organisms under study, that are sensitive to differences among habitats and that permit significance tests. Colwell ( My method involved generating on a computer, with Monte-Carlo techniques, artificial time-series appropriate to testing the null hypothesis that either constancy or contingency was zero. I then calculated Colwell's and Goodman and Kruskal's measures for each series, measured the number of Type I and Type II errors made in 10,000 such calculations, then contrasted those results with the number predicted by the significance tests. More than 320,000 time-series were used.
Although we believe that in general nitrogen mineralization potentials are a good predictor of nitrification potentials, a number of sites such as our older oak site in Indiana have been studied in which this association does not hold (Ellenberg
For large samples and data with strong periodicities, all measures were well-behaved, but for small samples and weak signals, the number of Type I errors exceeded those expected under the chi-square distribution, and the number of Type II measures were well-behaved, but for small samples and weak signals, the number of Type I errors exceeded those expected under the chi-square distribution, and the number of Type II
